be achieved by amplification of the PTK cDNAs using degenerate primers which recognize two relatively invariable regions within their catalytic domain. This approach produces a mixture of PTK cDNA fragments with identical or very similar lengths which are difficult to separate by standard gel electrophoresis. These mixed products are then analyzed in a random fashion which leads to redundant cloning of some and potential omission of other PTKs. By using parallel denaturing gradient gel electrophoresis (DGGE) we have been able to separate the amplified PTK cDNAs derived from the same T-lymphocyte population and compare their expression between various types of normal and malignant T lymphocytes. One such PTK is the type I receptor for insulin-like growth factor, which we found to be preferentially expressed by neoplastic T cells on the both mRNA and protein levels. The combination of PCR which uses PTK-specific primers and parallel DGGE of the amplified PTK cDNAs may prove useful in studying mechanisms of cell activation and malignant transformation and in identifying targets for therapies based on selective inhibition of oncogenic PTKs. Protein tyrosine kinases (PTKs) play a fundamental role in various aspects of cell biology, including cell proliferation, survival, adhesion, and motility by regulating ligandmediated signal transduction, cell cycle progression, and cytoskeleton function.
Protein tyrosine kinases (PTKs) control key functions of normal and malignant cells. Comparison of PTK gene expression among various cell populations may
be achieved by amplification of the PTK cDNAs using degenerate primers which recognize two relatively invariable regions within their catalytic domain. This approach produces a mixture of PTK cDNA fragments with identical or very similar lengths which are difficult to separate by standard gel electrophoresis. These mixed products are then analyzed in a random fashion which leads to redundant cloning of some and potential omission of other PTKs. By using parallel denaturing gradient gel electrophoresis (DGGE) we have been able to separate the amplified PTK cDNAs derived from the same T-lymphocyte population and compare their expression between various types of normal and malignant T lymphocytes. One such PTK is the type I receptor for insulin-like growth factor, which we found to be preferentially expressed by neoplastic T cells on the both mRNA and protein levels. The combination of PCR which uses PTK-specific primers and parallel DGGE of the amplified PTK cDNAs may prove useful in studying mechanisms of cell activation and malignant transformation and in identifying targets for therapies based on selective inhibition of oncogenic PTKs. Protein tyrosine kinases (PTKs) play a fundamental role in various aspects of cell biology, including cell proliferation, survival, adhesion, and motility by regulating ligandmediated signal transduction, cell cycle progression, and cytoskeleton function. [1] [2] [3] Many PTKs have been shown to act as oncogenes [2] [3] [4] , and analysis of PTK expression by malignant cells will lead to a better understanding of oncogenesis, which in turn will lead to novel therapies based on selective inhibition of these PTKs which are identified as involved in malignant transformation. 5, 6 This approach has already been proven effective in chronic myeloid leukemia and related bcr/abl-PTK-positive disorders. 7 Expression of PTKs may be determined by RT-PCR using degenerate primers which recognize common, relatively invariable cDNA sequences of members of the PTK family. 8 This method permits detection of PTKs expressed by the selected cell population as shown for early hematopoietic cells 9, 10 ; however, it has a major drawback in that it is relatively non-selective, because it generates identical-or very similar-length (ϳ210 bp) products which are difficult to separate by standard electrophoresis. This frequently leads to cloning and sequencing of many redundant cDNAs to identify those uniquely expressed, particularly if mRNA for a few PTKs is very abundant or is easily amplified. Furthermore, this may also result in omission of some gene products represented by a small number of cDNA copies.
In this paper, we present a strategy to identify the expressed PTKs in a more efficient and comprehensive manner. As our experimental model we chose malignant T-cell lymphoma cells compared with normal resting and PHA-activated T cells and other lymphoid cell populations. The method is based on the combined selective amplification of PTK cDNA fragments using the degenerate PTK primers, and separation of the amplified fragments in parallel denaturing gradient gel electrophoresis (DGGE). This approach shows promise in the identification of PTK genes preferentially expressed by various types of lymphoid cells and, prospectively, also nonlymphoid cells. One PTK identified by this method is a type I receptor for insulin-like growth factor (IGF-IR) lymphoma cells when compared to their normal resting and mitogen-activated counterparts.
Materials and Methods

Transformed and Normal Cells
Three cell lines (PB-1, 2A, and 2B), established from a patient with a progressive cutaneous T-cell lymphoproliferative disorder, have been described in detail previously. 13 The PB-1 cell line was obtained at a relatively early stage of the patient's cutaneous T-lymphoma from neoplastic T-cells circulating in peripheral blood. The 2A and 2B lines were established at a later, more aggressive stage from two separate skin nodules, which represented a high-grade, T-cell anaplastic large-cell lymphoma. LCL is a lymphoblastoid B-cell line obtained from the same patient as the PB-1, 2A, and 2B lines, by in vitro infection with Epstein-Barr virus (EBV).
14 The Sez4 T-cell line, kindly provided by T. Abrams of Hahnemann University, Philadelphia, PA, was derived from leukemic (Sezary) cells of a patient with a cutaneous T-cell lymphoma. 15 The human NK (YT) cell line 16 was kindly provided by J. Yodoi of Kyoto University, Kyoto, Japan. All of the cell lines were propagated in a complete RPMI/10% fetal bovine serum medium at 37°C and 5% CO 2 .
14 Peripheral blood mononuclear cells (PBMC) were obtained from healthy volunteers by centrifugation on the Ficoll-Paque (Pharmacia, Piscataway, NJ) gradient as described. 13 Mitogen (PHA)-stimulated blasts were obtained by 48 hours culture with 1 g/ml of phytohemagglutinin P (Sigma, St. Louis, MO) in the complete RPMI 1640 medium.
PTK Inhibitors
Herbimycin A and genistein were purchased from Life Technologies (Gaithersburg, MD) and staurosporine was purchased from Sigma. The drugs were dissolved in ethanol, aliquoted, and stored in stock at Ϫ20°C. For the experiments the drugs were diluted to the appropriate concentration with cell culture medium; the medium alone or with the diluent corresponding to the highest drug concentration was used as a control.
Proliferation Assays
These tests were performed as previously described. 13, 17 In brief, the cell lines or normal PBMC were cultured for 52 hours in triplicate at 2 ϫ 10 4 cells/well in the presence of various concentrations of the PTK inhibitors and, in the case of PBMC, 1 g/ml of phytohemagglutinin (PHA). After 14-hour pulse with 0.5 Ci of [ 3 H]thymidine, the radioactivity of the cells was measured.
RNA Preparation
Total RNA was extracted from cells by the acid guanidinium isothiocyanate method. 18 Cells were washed in isotonic phosphate-buffered saline and resuspended in 4 mol/L guanidinium isothiocyanate, 25 mmol/L of sodium citrate (pH 7.0), 0.5% sarcosyl, 0.1 mol/L of 2-mercaptoethanol. After homogenization, the cells were extracted by phenol-chloroform-isoamyl alcohol and RNA was recovered by ethanol precipitation.
RT-PCR
The reaction was performed essentially as described. 13, 17 In brief, each 20-l cDNA synthesis reaction solution contained 1 g of total RNA, 1X buffer, 0.5 mmol/L dNTP, 10 mmol/L DTT, 0.25 g oligo(dT)20, and 200 U of SuperScript TM II reverse transcriptase (Life Technologies). The reverse transcription reactions were carried out for 1 hour at 37°C and were heated to 75°C for 15 minutes to terminate the reaction. RNase H (Promega, Madison, WI) was added and the cDNA/RNA mixture was incubated for 30 minutes at 37°C. Centri-Sep columns (Princeton Separations, Princeton, NJ) were used to purify the cDNA.
PCR
PCR was performed in a volume of 50 l which contained 2 l of cDNA preparation, 1X PCR buffer, 200 mol/L dNTPs, 1.5 mmol/L MgCl 2 , 0.5 mol/L of primers, and 2 units Taq polymerase (Life Technologies). In some experiments 8 Ci ␣[
32 P]dCTP (Amersham, Arlington Heights, IL) was added to this mixture (see Results). The PCR primers specific for the PTK fragments were synthesized and purified by the Nucleic Acid Facility of the University of Pennsylvania Cancer Center and had the following sequences: 5Ј-CGG ATC CAC A/CGN GAC/T C/TT-3Ј and 5Ј-GGA ATT CCA A/TAG GAC CAG/C ACG/A TC-3Ј. The amplification was performed in the GeneAmp PCR System 2400 thermal cycler (Perkin Elmer, Norwalk, CT). The reaction started at 94°C for 3 minutes to completely denature the template, followed by 30 cycles: 45 seconds at 94°C, 30" at 37°C, and 1.5 minutes at 72°C.
Parallel DGGE Separation
A parallel denaturing gradient gel was cast using 22.5 ml of 100% denaturing solution, which contained 4.23 ml of 40% acrylamide/bis (37.5:1), 450 l 50X TAE buffer, 9 ml of formamide, and 9.45 g of urea and 7.5 ml of separate, 0% denaturing solution which contained 1.40 ml of 40% acrylamide/bis (37.7:1), and 150 l of TAE buffer. Then 1/100 and 1/1000 of the total gel volume of, respectively, ammonium persulfate and TEMED were added to the solutions. The solutions were poured into syringes, attached onto the gradient delivery system (model 475; Bio-Rad, Hercules, CA), and applied into the gel sandwich; the targeted range of denaturating gradient was 20% to 75%. A comb was inserted into the gel sandwich, and the gel solution was cast on a steady surface to avoid mixing of the gradients within the gel sandwich. 1X TAE buffer was poured into the D-gene chamber (D GENE Denaturing Gel Electrophoresis System; Bio-Rad), preheating the running buffer and the gel sandwich to 60°C.
Ten l samples were loaded, and the gel was run at a constant voltage of 300 V for 3.5 hours at 60°C. The gel was then covered with plastic foil and subjected to autoradiography using X-ray film for 3 to 5 hours at 4°C.
DGGE Separation of Known PTKs
Three PTKs, which are members of the scr kinase family and are known to be expressed by T lymphocytes, were selectively amplified using nested PCR reaction from malignant T-cell lymphoma cell lines: 2B (lck, lyn kinases) and Sez4 (fyn). In the first PCR reaction, the following primer pairs were used: lck: 5Ј-CGG CTC TAC GCT GTG GTC ACC-3Ј (upper), 5Ј-GTT GGT CAT CCC TGG GTA AGG-3Ј (lower), lyn: 5Ј-CTC ATT GAC TTT TCT GCT CAG-3Ј (upper), 5Ј-CAT TAG TTC TCC CTG GGT AGG-3Ј (lower), and fyn: 5Ј-GAG CCC ATC TAC ATC GTC ACC-3Ј (upper) and 5Ј-AGG GTC CTT TTT CCA GCA GTG-3Ј (lower). These primer pairs, specific for a particular PTK, were designed to amplify fragments that include the entire invariable regions where PTK degenerate primers bind. Ten mol of each primer pair was used to amplify 2 l of cDNA by PCR according to the following protocol: 94°C for 3 minutes, followed by 35 cycles of 94°C for 45 seconds, 55°C for 30 seconds, and 72°C for 90 seconds, and terminating with 72°C for 10 minutes. One l of each product was then PCR-amplified using a mixture of the above described degenerate PTK primers according to the following scheme: 94°C for 3 minutes, followed by 30 cycles of 94°C for 45 seconds, 50°C for 30 seconds, and 72°C for 90 seconds, terminating with 72°C for 10 minutes. Product samples were run either in a standard 1% agarose gel or in a 10% parallel DGGE gel at 300V and 60°C for 2 hours with a denaturing gradient of 10% to 60%. Both gels were visualized using ethidium bromide.
Determination of the Nucleotide Sequence
The portions of acrylamide gel corresponding to the bands of interest were cut from the gel using a razor blade and the DNA was recovered by dialysis against 100 l of TE buffer for 5 hours at 42°C with vigorous shaking. Five l of the elution solution was re-amplified by PCR in 50 l volume using the same degenerated PTK primers and reaction conditions without the ␣[
32 P]dCTP, and using 55°C rather than 37°C for the annealing temperature. The re-amplified product was ethanol precipitated and resuspended in TE buffer before being digested in 1ϫ EcoRI buffer with EcoRI and BamHI (Promega). The DNA was ligated into EcoRI and BamHIcleaved pGEM vector (Promega). The nucleotide sequence of the cloned cDNA fragment was determined by using the ABI PRISM Ready Reaction Dye Deoxy Terminator Cycle Sequencing Kit (Perkin Elmer). Twenty l of the reaction mixture contained 9.5 l of terminator premix with AmpliTaq DNA Polymerase, 50 g of template DNA, and 3.2 mol of M13 forward primer. The reaction was carried out for 25 cycles: 10 minutes at 96°C, 5 minutes at 50°C, and 4 minutes at 60°C. Centri-Sep-column purified-amplified products were dried by vacuum centrifugation. The nucleotide sequence was determined on an automated ABI DNA sequencer (model 373A; Applied Biosystems, Foster City, CA). Identity of the obtained sequence was established by BLAST sequence similarity search 19 of the combined GenBank/EMBL/PDB depositories accessible through the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/BLAST/).
Northern Blot Hybridization
Twenty-five g of total RNA was fractionated by electrophoresis in a 1% agarose-formaldehyde denaturing gel, and transferred to a nylon membrane. 13 After prehybridization, the membranes were hybridized overnight at 42°C with an ␣[
32 P]dCTP-labeled cloned IGF-IR, or a ␤-actin cDNA fragment in a fresh hybridization solution which contained 50% formamide and 5X SSPE, washed in 0.1X SSC/0.1% The filters were washed to a final stringency in 0.1X SSC/0.1% SDS at 62°C, and exposed to X-ray film with an intensifying screen for 7 days at Ϫ70°C.
Flow Cytometry Analysis of IGF-IR Expression
This analysis was performed as previously described. 20 Briefly, 1 ϫ 10 6 cells were suspended in PBS supplemented with 5% bovine calf serum (BCS) and labeled for 30 minutes at 4°C with mouse anti-IGF-IR monoclonal antibody directed to the extracellular parts of ␣ and ␤ subunits of IGF-IR (Oncogene Science, Cambridge, MA). Cells were washed three times in ice-cold PBS/5% BCS and then incubated with PE-conjugated, affinity-purified goat anti-mouse antibody (Sigma) for 30 minutes. After being washed three times the cells were subjected to analysis using a FACS Star Plus II (Becton-Dickinson, San Jose, CA). Cells labeled with the isotype-matched mouse and the secondary goat anti-mouse antibody served as a negative control.
Results
Inhibition of Malignant T Cell Proliferation by PTK Inhibitors
Because PTKs play a fundamental role in receptor signaling and cell cycle progression in normal T cells, 1,2 we investigated the extent to which PTKs contribute to the growth of malignant T lymphocytes. To answer this question we cultured PB-1, 2A, and 2B cell lines derived from a progressive T-cell lymphoma involving skin 13, 17 and normal, PHA-stimulated PBMC in the presence of three different broad-spectrum PTK inhibitors. As shown in Figure 1 , all of the PTK inhibitors suppressed proliferation of both the normal PHA-stimulated PBMC and malignant T cells at similar doses. Fifty percent inhibition (IC50) was achieved with less than 80 ng/ml of Herbimycin A for the cell lines and PBMC ( Figure 1A ). Whereas genistein affected all T-cell populations equally (IC50: 20 -30 mol), low concentrations of staurosporine (5-25 nmol) repeat-edly had a stimulatory effect on the PB-1 and 2A lines ( Figure 1C ). This effect disappeared when higher doses (IC50: 30 nmol) were used. This finding suggests a presence in the PB-1 and 2A cells of growth-inhibitory proteins which are highly sensitive to staurosporine which, in contrast to herbimycin A and genistein, inhibits not only PTKs but also other types of kinases. 21, 22 Regardless of this staurosporine-mediated enhancement, our data show that PTKs are as important in the growth of malignant T cells as they are for their normal, mature T-cell counterparts.
Detection of PTK Gene Expression by Various Types of Normal and Malignant Lymphocytes
To determine the expression pattern of PTK mRNA in malignant T cells, we amplified RT-generated cDNAs by PCR using degenerate primers which recognize two relatively invariable regions within the PTK catalytic domain. 8 -10 This reaction yields multiple products which, however, display very similar molecular weight (app. 210 bp: Figure 2 ). This similar product size precludes identification of any of the individual PTKs by their electrophoretic migration pattern in the conventional agarose gels and prohibits any comparative studies between various cell populations unless a large-scale cDNA cloning is used, which is labor intensive and random in nature.
To overcome this limitation, we used DGGE, which separates DNA based on the nucleotide sequence rather than molecular weight. Although the PCR primer-binding sites are structurally conserved, the remainder of the primer-targeted sequence has been found to be quite diverse among various PTKs.
8 -10 Therefore, we expected significant differences in their DGGE migration pattern. At first, in the "proof of principle" experiments, we analyzed the migration pattern of same-size PCR-amplified cDNA fragments from three different PTKs (lck, lyn, and fyn) known to be expressed by T cells. The aim of this experiment was to demonstrate that DGGE can effectively separate PCR-amplified cDNA fragments from various PTKs. These PTK cDNA fragments were generated by "nested" PCR in which "external" primer pairs specific for a particular PTK were used in the first amplification round, and "internal," the above-described degenerate PTK primer pairs in the second round. In contrast to the conventional agarose gel ( Figure 3A ) which, as expected, failed to distinguish among these three PTKs, DGGE produced substantial separation of the PTKs (Figure 3B ). This result indicated that DGGE should also be suitable in detection of the previously undefined PTKs expressed by the particular cell population.
To determine the PTK expression-pattern in normal and malignant T cells, we amplified PTK cDNA from several T-cell and control cell populations using only the degenerate PTK primers in one round of amplification and separated them by DGGE. To increase sensitivity of the PTK detection, we used radiolabeled nucleotides in the PCR reaction rather than relied on the cDNA staining with ethidium bromide. As shown in Figure 4 , DGGE separation revealed profound differences in the PTK gene expression among the T-cell and other lymphocyte populations tested. Although some of the bands were common for most cell populations, they usually differed markedly in their intensity (an example of such a band is indicated by the arrow). Other bands appeared fairly unique to the specific cell type (an example of which is indicated by the solid arrowhead).
IGF-IR Preferentially Expressed by Malignant T Cells Derived from Anaplastic Cutaneous T-Cell Lymphoma
To identify one of the differentially expressed PTKs, we recovered, cloned, and sequenced cDNA from a band preferentially expressed by the malignant T-cell lymphoma line 2B (Figure 4 , an open arrowhead). Comparative analysis of the obtained cDNA sequence using the NCBI data bank revealed a 100% identity of the sequence to a type I receptor for insulin-like growth factor (IGF-IR). Expression of IGF-IR has been shown to be important for survival and growth of several types of malignant cells. 11, 12 To confirm the preferential expression of IGF-IR by the malignant T-cell lymphoma cells, we performed a Northern blot hybridization using the isolated IGF-IR cDNA as a probe ( Figure 5 ). The two malignant T-cell lymphoma lines 2B and a closely related 2A highly expressed the IGF-IR mRNA. PB-1, which was derived from a less aggressive stage of the same lymphoma, 13 contained a relatively smaller amount of the IGF-IR mRNA. A very faint band was also seen in the PHA-activated T-cell blasts but not in the following cell populations tested: resting T-cell rich PBMC, EBV-trans- Figure 3 . Electrophoretic separation of known PTKs. cDNA coding for lck, lyn, and fyn was amplified in "nested" PCR using primers specific for a particular kinase in the first round and degenerate primers recognizing the conserved PTK motifs in the second round. The amplified cDNA fragments were run in either standard agarose gel electrophoresis (A) or parallel denaturating gradient gel electrophoresis (DGGE; B). Both gels were visualized using ethidium bromide. Arrows point to the migration position of the analyzed PTKs. formed lymphoblastoid B-cell line (LCL) derived from the same patient as the PB-1, 2A, and 2B cell lines, and immature T-cell leukemic cells (MOLT4). To also confirm the expression of IGF-IR on the protein level we performed flow cytometry analysis for the surface expression of IGF-IR ( Figure 6 ). The results were very similar to the mRNA expression data: 2B cells expressed IGF-IR at the highest, PB-1 at the intermediate, and PHA-activated T-cell blasts at the lowest concentration. No receptor could be detected on the control LCL cells. These data support the notion that the combined PTK-specific PCR/ parallel DGGE analysis can identify PTKs that are differentially expressed by various lymphoid cell populations.
Discussion
The importance of PTKs in cell growth regulation on multiple levels is evident by their functioning as growth factor receptors, signal transduction intermediates involved in cell proliferation, adhesion and motility, and regulators of the cell cycle. [1] [2] [3] Many of the PTKs represent proto-oncogenes and their mutations and/or abnormal expression result in the acquisition of malignant phenotype by the affected cells. [2] [3] [4] Expression of the genes coding for PTKs can be studied by sequence analysis of cDNA fragments amplified by PCR. This PCR amplification uses pairs of primers recognizing conserved domains within the PTK family. 8 -10 This approach, however, has a major drawback in that the PCR products have the same or almost identical molecular weight (Figure 2 and  3A) . This precludes an efficient, direct comparison of PTK expression between various populations, such as normal and malignant T lymphocytes, for this frequently leads to the repetitious cloning of the same, most abundant PTKs, and may lead to omission of some of the expressed PTKs. To solve these problems, we developed a method for separating PTK products by parallel DGGE.
Our "proof of principle" experiments showed that the same-length cDNA fragments coding for three different PTKs (lck, lyn, and fyn) could be separated by DGGE. This successful separation confirmed the effectiveness of the method, and the only question remaining was whether PTKs could be directly amplified in sufficient amounts from cDNA using degenerate primers to produce detectable bands. This question was answered in the principal experiments; when we separated the radioactively labeled PCR products by parallel DGGE, a number of bands corresponding to various PTKs were identified. Some appeared relatively specific for malignant T cells, since their mRNA could not be detected in resting, T-cell rich PBMC, mitogen-activated T-cell blasts, and other control cell populations (Figure 4 ). One such PTK was IGF-IR, which was preferentially expressed by the malignant T-cell lymphoma cells on both the mRNA and protein levels (Figure 4 and 5) and may play an important role in the survival and growth of these malignant cells. 11, 12 Regardless, these findings clearly indicate the usefulness of the combined PTK-specific PCR/parallel DGGE method in analysis of differential PTK expression by normal and malignant T-cell populations to determine the potential importance of PTKs in cell transformation, activation, and maturation. They also suggest that the method may also be used in various types of non-lymphoid cells, both normal and malignant.
DGGE depends on the different electrophoretic mobility of partially denatured molecules caused by differ- ences in the rate of DNA melting. It is successfully used to detect small differences, even as small as 1 or 2 bp, as seen in gene polymorphism and mutations, including rearranged immunoglobulin and T-cell receptor genes. [22] [23] [24] [25] In addition to facilitating studies of PTK expression in various types of cells, the combination of degenerate-primer PCR and DGGE may also be adapted to study expression of other gene families which share highly conserved sequences. Accordingly, the method has been used successfully to analyze expression of major histocompatibility gene alleles 26 and members of a highly homologous ␣(2u)-globulin gene family. 27 There are several other techniques used to identify differentially expressed genes. These methods include various forms of subtractive hybridization and differential display. 28 Differential display is a powerful technique based on cDNA amplification by PCR and allows sideby-side comparison of RNA pools from several sources. Although differential display is especially useful for the isolation of cDNA fragments from abundant mRNA, this technique has a number of shortcomings which makes it less suitable for many research applications. Differential display does not detect transcripts of low abundance efficiently, it cannot identify different cDNAs with the same length, and, finally, it is rather labor intensive. The newer version of differential display is a solid-phase cDNA microarray hybridization which permits simultaneous analysis of hundreds of expressed genes. 29 -31 This technology, however, requires complex equipment and is expensive and labor consuming. Furthermore, it seems to generate at the current stage rather diverse results even if the same type of malignancy is studied. 32, 33 The discrepancies may be due in part to methodological differences used. Most importantly, it permits detection of only the gene sequences deposited in the particular array and analyzes only 1 to 2 cell populations per experiment in contrast to our method, which permits detection of novel members of the particular gene family and can simultaneously analyze up to 16 cell populations. Therefore, PCR/DGGE may prove particularly useful when analysis of a large number of different samples is performed. Although the main strength of the method seems to be in the gene discovery and comparative determination of gene expression patterns, it may also have potential diagnostic applications. In all likelihood, specific types of lymphomas as well as other types of malignancies display distinct patterns of expression of tyrosine kinases and other gene families. Identification of such patterns may play an important role in diagnosis of malignant tumors, particularly if the conventional methods yield equivocal results. Furthermore, if at least some of the identified bands correspond to kinases representing suitable targets for specific, clinical-grade inhibitors, [5] [6] [7] the method may provide important therapeutic guidance. This may require, however, confirmation of the kinase identify by either sequence analysis of the selected bands or an independent method such as RT-PCR with highly specific primers.
In summary, combined application of PCR with primers that recognize conserved sequences within a particular gene family, such as PTKs combined with DGGE, is an efficient, reliable, and inexpensive method of analyzing gene expression in a large number of samples representing various normal and malignant cell populations. It may provide a viable technical alternative to other methods in studying the expression of PTKs and other gene families in cell activation, development, and malignant transformation.
